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, 2 $A,$ $B$ 1
$C$ , ,
$N=\{1, \ldots, n\}$ , $i$ $i$
$\sigma(i)=i$ ( $\sigma^{-1}(j)=i$ ) . , $A$ ,
$B$ , $C$ $\sigma_{A},\sigma_{B}$ , $\sigma_{C}$ .
PMX ($P^{artia}u_{y}$ mapped crossover): , $\{0,1\}$
,. $n$ $m(m(i)\in\{0,1\})$
. , $m(i)=0$ $i$ , $\sigma_{C}(i)$ $:=$
$\sigma_{A}(i)$ , $\sigma_{B}(j)=\sigma_{4}(i)$ $j$ , $\sigma_{B}(i)$
\mbox{\boldmath $\sigma$}B( . , $m(i)=1$ $i$ ,
$\sigma_{C}(i)$ $:=\sigma_{B}(i)$ ( 1).
,
(uniform
crossover) . $k$ $0$ 1
, $k$ . , 1 ,
871 1994 190-196
191
2 , , PMX(I), PMX(2),
PMX(U) . PMX PMX(2) [7].
$[8][20][21]$ .
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1: PMX(2) 1 .
CX (cycle crossover): , $i$ ,
$\sigma_{C}(i)=\sigma_{A}(i)$ $\sigma_{B}(i)$ (1)
\mbox{\boldmath $\sigma$}c .
$i$ $r(i)$ ( 2). ,
$r(i)=0$ .
1. $k:=1,$ $\forall i,r(i):=0$ .
2. $i_{0}$ $:= \min\{i|r(i)=0\},$ $i:=i_{0}$ .
3. $r(i):=k,$ $i:=\sigma_{4}^{-1}(\sigma_{B}(i))$ $i=i_{0}$ .







’CX(U) (uniform ), 1
$A$ , $B$
CX(1), $k$ $A$ ,
$B$ CX(A) ( (alternate)
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2: $CX(U)$ 1 .





\mbox{\boldmath $\sigma$} , $\overline{\sigma}(i)=\sigma(i)-|\{i|\sigma(j)<\sigma(i),j<i\}|$
. $\sigma$ $\overline{\sigma}$ 1 1 . , $n$ 0-1
$m\in\{0,1\}^{\mathfrak{n}}$ , $m(i)=0$ \mbox{\boldmath $\sigma$}-C(i): $=\overline{\sigma}_{A}(i)$ ,
$m(i)=1$ \mbox{\boldmath $\sigma$}-C(i) $:=\overline{\sigma}_{B}(i)$ ,
. -c \mbox{\boldmath $\sigma$}c
. PMX , 1 , 2 , ,
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3: (1, 2, 3, 4, 5) FLX(I) 1 .




!DB, $D_{C}$ . 2 $A,$ $B$
$D$ , $D:=D_{A}\cap D_{B}$ . ,
$C$ , $D$ (i.e., $D\subseteq D_{C}$ ) 1
. $N$ $S\subseteq N,$ $S$ $D$
$M_{D}(S):=\{i\in S|\forall i\in S-\{i\}, (j,i)\not\in D\}$
.
1. $S:=N,$ $i:=1$ .
2. $j\in M_{D}(S)$ , $\sigma_{C}(i)$ $:=j$ .
3. $i=n$ . , $i:=i+1,$ $S:=S-\{i\}$
, 2 .
(POPXI ) , [22]
, [6] . ,
2 , $j$ $\{\sigma_{A}(i_{A}^{S}), \sigma_{B}(i_{B}^{S})\}$ ( ,
$i_{A}^{S}$ $:= \min\{i|\sigma_{A}(i)\in S\},$ $i_{B}^{S}$ )
(POPX2 ). 4 , $N$




$g_{B}$ 2 1 5 3 4
2 1 3 5 4
4: POPXI 1 .
OX (order crossover): , $n$ $m\in$
$\{0,1\}^{n}$ , $m(i)=0$ \mbox{\boldmath $\sigma$}C(j) $:=$
$\sigma_{A}(i)$ . $S_{m};=\{\sigma_{A}(i)|m(i)=0\}$ ,
$D_{B}’:=D_{B}-$ { $(i,j)|i\in S_{m}$ $i\in S_{m}$ } $N-S_{m}$
. $m(i)=1$ , $D_{B}’$
, $C$
. PMX , 1 , 2 , , OX(1),
OX(2), OX(U) ( 5).
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5: OX(1) 1 .
OX [4] OX(1) , [15] OX(2)
. $[8][20]$ OX(2)
. , OX(U) $[5](p. 342\sim)$ 2
, OX(U)
.
AEX (alternating edge crossover): ,
$p$ . $p(i)=j$ , $i$ $j$
. , $0$
, $p$ \mbox{\boldmath $\sigma$} , $p(O)=\sigma(1)$ ,
$p(\sigma(i))=\sigma(i+1)$ $(: =1, \ldots,n-1),$ $p(\sigma(n))=0$
.
. $A,$ $B$ $C$ $p_{A},$ $p_{B}$ ,
$p_{C}$ . ,
$S$ .
1. $i:=0,$ $S:=N$ .
2. $\{p_{A}(i),p_{B}(i)\}\cap S\neq\phi$ , $i$ ,
$j\in S$ , $p_{C}(i):=j$ .
3. $i;=j,$ $S:=S-\{j\}$ . S=\phi , $Pc(i):=0$
. 2 .
AEX [10] ,
, $p_{C}(i)$ $p_{A}(i),$ $p_{B}(i)$
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6: AEX 1 .
ERX (edge recombination crossover): AEX (7)
2 , $p_{A}(i),p_{B}(i)$ $\in$ $S$ ,
$|\{p_{A}(P\ddagger\nu(i)),p_{B}(P\dagger r(i))\}\cap S|$ $0$ ,







. [21] , ERX .
: TSP , ,
[26], $[3][15]$
. SMP
, ( \check C, [24]





1. $A,$ $B$ $T_{A},$ $T_{B}$
. $T_{C}$ $:=\phi$ .
2. $T_{C}$ $e$ 1 , $T_{C}$ $:=T_{C}\cup\{e\}$
$.|e$ i) $T_{4}\cup T_{B}$ , , ii) $T_{C}$
. ,
$T_{A}\cup$ . , $e$











iv) $T_{A}$ $:=\{(i,p_{A}(i)) i=0, \ldots,n\}$
4 ( $T_{B}$ ). i) $(i, \sigma_{A}(i))$
, $A$ : \mbox{\boldmath $\sigma$}40) (
). 4 i) position-based representation
$(PsR)$ , ii) free-list-based representation (FLR), iii) order-
based representation (OR), iv) pointer-based representa-
tion $(PtR)$ .
, PMX 2 $PsR$
. , $m(i)=0$ $i$
$(i,\sigma_{A}(i))\in T_{A}$ $\tau_{c}$ (i.e., $\sigma_{C}(i):=$
$\sigma_{4}(i)$ ). , $\sigma_{B}(j)=\sigma_{A}(i)$ $i$ ,
$T_{B}-$ { $(j$ , \mbox{\boldmath $\sigma$}\mbox{\boldmath $\sigma$}B( )} (







. $PsR$ , $T_{4}\cup TT_{B}$ $(i, \sigma_{A}(i))$
, $T_{C};=T_{C}\cup\{(i,\sigma_{4}(i))\}$ ,
$(i, \sigma_{B}(i))$ \mbox{\boldmath $\sigma$}B(i) $=\sigma_{A}(i)$ $i$ , $(j, \sigma_{B}(j))$
$T_{B}$ ($T_{C}:=\tau_{c}\cup\{(i, \sigma_{B}(i))\}$
) (position-based
random crossover , PsRND ). , order-
based random crossover (ORND), pointer-based random
crossover (PtRND) .










. 2 $A,$ $B$ $x$ ($PMX(2)$ , ERX )
$C(x;A, B)\subseteq F(F$
) . , $x$ , \mbox{\boldmath $\sigma$}\in C(x; $A,$ $B$ )
1 ( )
.
$C(x;A, B)$ 1 ,
( 1). ,
,
( 2). , 2
GA
.
1 , GA ,
$C(x;A, B)$





, . , 2
, $|C(x;A, B)|$
( 2).
1 2 , ,
$|C(x;A, B)|$ , $|C(x;A, B)|$
.
, . , 1
2 , $C(x;A, B)$
( 1’: )
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$[1][12]$ . $n$ $N=\{1, \ldots ,n\}$ 1
, 1 1
, , .
, $n$ \mbox{\boldmath $\sigma$}
. $i$ $p_{i}$ , \sim .
$g_{i}(c_{i})$ . $c_{i}= \sum_{j}^{\sigma_{=1}^{-1}(i)}p_{\sigma(j)}$
. ,
cost$( \sigma)=\sum_{1\in N}g;(c:)arrow\min$ (3)
$\sigma$ . ,
$g:(c:)=h_{:} \max\{d_{1}-c:,0\}+w_{i}\max\{c_{i}-d_{i}, 0\}$
. $d_{:}$ $i$ , $h_{i},$ $w_{i}$
$i$ , .
, $g_{i}(c_{i})$ SMP NP
.
, SUN SPARC station IPX
, $C$ . , [12]
, $n=35,100$ 10
. , SSDP [12]
( $n=35$) , $(n=100)$
.
2 . i) $n=35$
10000 ($PtR$ 30000 ), $n=100$ 30000




ii) (%). iii) $A,$ $B$
$|C(x;A, B)|$ lc(x)l(
. [23]). iv) $A,$ $B$ ,
\mbox{\boldmath $\sigma$}\in C(x; $A,$ $B$ )
$m_{AB}=(cost(\sigma_{A})+cost(\sigma_{B}))/2$
(cost $(\sigma)-m_{AB}$ ) $/( \frac{1}{2}|cost(\sigma_{A})-cost(\sigma_{B})|)$
. v) $A,$ $B$ cost $(\sigma)$
. ,
( [23]),
. , ( 1











. , $|C(x)|=2^{O\langle n)}$
, $|C(x)|\approx O(2^{n})$ ,
, OR 3 , POPX2 $O(2^{n})$ ,






. , POPX 2




( 1) , , $|C(x)|$
( 2). , $|C(x)|\geq 2^{O(n)}$
. RND , $|C(x)|$
, ( 1).
$C(x;A, B)$ (FLR, $PtR$ )

















, ), $|C(x)|$ $2^{O(n)}$
, 2) $C(x;A, B)$
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